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180 pounds
45 pounds 4, 000 miles

30 pounds

1.00 kg
9.80 Newtons

3.0 kg

( ) = (3.00 kg)(9.80 N/kg) = 29.4 N)

200. N

= (200. N)(
1.00 kg

9.80 N
) = 20.4

400. N
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600. N
1200 N

120 kg
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1 foot 12 inches
12 inches
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22.41359 m 22.4 m
22.37899 m 22.4 m
22.42333 m 22.4 m
22.39414 m 22.4 m

1.3 inches
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1.4 inches

1.33, 1.34, 1.35, 1.36, 1.37 inches

1 inch
1.00 inch

1.13, 1.14, 1.15, 1.16 inches

1.50 inches
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543 3

22.437 5

1.321754 7

7, 004 4

10.3002 6

103.0406 7

00013.25 4

0.0000075 2

0.000002 1

37.300 5

33.00000 7

1.70 3

1, 000, 000 1

302, 000 3

1, 050 3

1, 000, 000 7

302, 000 6

1, 050 4

454 g
2.2 lbs
2.205 lbs
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0.3937 L
0.0353 L
1.00800 g
500 g
480 ft
0.0350 kg
100. cm
1, 000 m
0.625 L
63.4540 mm
3, 060 m
500. g
14.0 mL
1030 g
9, 700 g
125, 000 m
12, 030.7210 g
0.0000000030 cm
0.002 m
0.0300 cm
1.00 L
0.025 m/s
0.100 kg
0.00300 km
303.0 g
250 g
1, 000. m
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13.3843 cm

1.012 cm

+ 3.22 cm

17.6163 cm = 17.62 cm

17.6163 cm

17.62 cm

12 m

+ 0.00045 m

12.00045 m = 12 m

56.8885 cm

8.30 cm

+ 47.0 cm

112.1885 cm = 112.2 cm
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(3.556 cm)(2.4 cm) = 8.5344 cm2 = 8.5 cm2

(20.0 cm)(5.0000 cm) = 100 cm2 = 100. cm2

20.0 cm

(5.444 cm)(22 cm) = 119.768 cm2 = 120 cm2

22 cm

703 g

7 g

+ 0.66 g

5.624 ft

0.24 ft

+ 16.8 ft

34 kg

− 0.2 kg

18.7 m

+ 0.009 m
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65.23 cm, 2.666 cm 10 cm

2.21 cm 0.3 cm

(2.002 cm)(84 cm)

(107.888 cm)(0.060 cm)

72.4 cm 0.0000082 cm

0.32 cm 600 cm

8.21 cm

300, 000, 000 meters/second 6, 000, 000, 000, 000, 000, 000, 000, 000 kg
0.0000000000000000000000000000009 kg

1 10 10 9, 000, 000
1, 000, 000 1, 000, 000 106

9, 000, 000 9 x 106 0.00000004
1

108 4 x 10−8

95, 672 9.5672 x 104

8, 340 8.34 x 103

100 1 x 102

7.21 7.21 x 100

0.014 1.4 x 10−2
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0.0000000080 8.0 x 10−9

0.00000000000975 9.75 x 10−12
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4.3 x 104 + 1.5 x 104 = (4.3 + 1.5) x 104 = 5.8 x 104 (43, 000 + 15, 000 = 58, 000)

8.6 x 107 − 5.3 x 107 = (8.6 − 5.3)x 107 = 3.3 x 107 (86, 000, 000 − 53, 000, 000 = 33, 000, 000)

3.0 x 104 0.30 x 105

8.6 x 105 + 3.0 x 104 = 8.6 x 105 + 0.30 x 105 = 8.9 x 105

8.6 x 105 → 86 x 104

86 x 104 + 3.0x 104 = 89 x 104

89 x 104 → 8.9 x 105

(8.34 x 105) + (1.22 x 105) =
(4.88 x 103) − (1.22 x 103) =
(5.6 x 10−4) + (1.2 x 10−4) =
(6.38 x 105) + (1.2 x 104) =
(8.34 x 105) − (1.2 x 104) =
(8.34 x 10−5) + (1.2 x 10−6) =
(4.93 x 10−1) − (1.2 x 10−2) =
(1.66 x 10−5) + (6.4 x 10−6) =
(6.34 x 1015) + (1.2 x 1016) =
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(6.34 x 1015) − (1.2 x 101) =

(4.2 x 104)(2.2 x 102) = (4.2x 2.2)(104+2) = 9.2 x 106

9.24
9.2

(2 x 109)(4 x 1014 = (2 x 4)(109+14) = 8 x 1023

(2 x 10−9)(4 x 104) = (2 x 4)(10−9+4) = 8 x 10−5

(2 x 10−5)(4 x 10−4) = (2x 4)(10−5−4) = 8 x 10−9

(8.2 x 10−9)(8.2 x 10−4) = (8.2 x 8.2)(10(−9)+(−4)) = 32.8 x10−13

33 x 10−13

3.3 x 10−12

8 x 107

2 x 104 = (8
2)(107−4) = 4 x 103

8 x 10−7

2 x 10−4 = (8
2)(10(−7)−(−4)) = 4 x 10−3

4.6 x 103

2.3 x 10−4 = (4.6
2.3)(10(3)−(−4)) = 2.0 x 107

(2.0 x 107)(2.0 x 107) =
(5.0 x 107)(4.0 x 107) =
(4.0 x 10−3)(1.2 x 10−2) =
(4 x 10−11)(5 x 102) =
(1.53 x 103)(4.200 x 105) =
(2 x 10−13)(3.00 x 10−22) =

4.0 x 105

2.0 x 105

6.2 x 1015

2.0 x 105

8.6 x 10−5

3.1 x 103
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8.6 x 10−5

3.1 x 10−11 =

1
299,792,458

−133
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m/s2

cm3

1.00 inch = 2.54 centimeters

1.00 quart = 0.946 liter

1.00 pound = 4.54 Newtons (= 454 grams

1000 millimeters = 1 meter

100 centimeters = 1 meter

1000 meters = 1 kilometer

10 centimeters = 1 millimeter

1000 milligrams = 1 gram

1000 grams = 1 kilogram

1000 milliliters = 1 liter

1 milliliters = 1 cubic centimeter = < math > 1cm3
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6x + 2x = 8x 6 mL + 2 mL = 8 mL
(5x)(3x) = 15x2 (5 cm)(3 cm) = 15 cm2

9x3

3x = 3x2 9cm3

3cm = 3 cm2

21x
3a = 7(x

a) 21 grams
3 cm3 = 7grams

cm3

12 inches 1 foot

1 foot
12 inches

500. inches

(500. inches)(
1 foot

12 inches
) = 41.7 feet

6.4 nobs 5 hics = 1 nob

(6.4 nobs)(
5 hics

1 nob
) = 32 hics
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4.5 whees 10 whees = 1 dat

(4.5 whees)(
1 dat

10 whees
) = 0.45 dats

5.00 wags
10 wags = 1 hat 1 hat = 2 pix

(5.00 wags)(
1 hat

10 wags
)(

2 pix

1 hat
) = 1.00 pix

1.22 cm

(1.22 cm)(
10 mm

1 cm
) = 12.2 mm

5.00 inches

(5.00 inches)(
2.54 cm

1 inch
)(

10 mm

1 cm
) = 127 mm

66 lbs
454 g = 1 lb

(66 lbs)(
454 g

1 lb
)(

1 kg

1000 g
) = 30. kg

29.964

29.964
30. kg

340. mg/cm3 lbs/ft3

(
340. mg

1 cm3
)(

1 g

1000 mg
)(

1 lb

454 g
)(

16.39 cm3

1 in3
)(

17.28 in3

1 ft3
) = 21.2 lbs/ft3
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40. cots 10 cots = 1 tog
8.0 curs 1 cur = 10 nibbles
100. gags 5 gags = 1 bobo
1.0 rat 10 rats = 1 gob 10 gobs =

1 ute
3.69 m
140 mm
15 inches
32.0 grams

690 mm
32.0 lbs/qt
240. mm
14, 000 mm
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g 9 18
6 g h h

11 22

5g, 6g, 6h, 7g, 7h
5f, 6f 7f

5, 6 7 4 s, p, d
f

s

p 2 − 7

d 3 − 7

f 4 − 7

! = 1
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n2

n = 3, ! =
2,ml = 3,ms = +1

2

3

1

2

3

4

n = 3

1

3

4

5

9
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n = 3

2

6

8

10

18

n = 3 ! = 2

1

3

5

7

9

n = 5 ! = 4

1

3

5

7

9

n = 3 ! = 0

n = 7 ! = 0
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n = 2 ! = 1

2s

2p

2d

2f

!

0, 1, 2, 3, 4

1, 2, 3, 4

0, 1, 2, 3

0, 1, 2

s− p− d− f−

s

p

d

f
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!

0

1

2

3

4

n = 2
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d
3rd

! = 1
! = 2

f

n !
n !
n !

2p n !
m!

n = 2, ! = 2,m! = 2, s = 1
2
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2s

n =
2, ! = 1

n =
3, ! = 3
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1s22s22p63s23p64s23d3
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1s22s1

1s22s2sp63s1

1s22s2sp63s23p64s1

1s22s2sp63s23p64s23d104p65s1

1s22s2sp63s23p64s23d104p65s24d105p66s1

1s22s22p5

1s22s2sp63s23p5

1s22s2sp63s23p64s23d104p5

1s22s2sp63s23p64s23d104p65s24d105p5

ns2np1

ns2np4

ns2np6

[Ar]4s23d3

http://www.ck12.org


http://www.ck12.org


http://www.ck12.org


http://www.ck12.org


http://www.ck12.org


118

http://www.ck12.org


http://www.ck12.org


http://www.ck12.org


http://www.ck12.org


X

1st 800
2nd 1, 400
3rd 15, 000
4th 18, 000
5th 21, 000
6th 25, 000

X

X

X

X

Y
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Y

1st 500
2nd 4, 800
3rd 6, 800
4th 9, 000
5th 13, 000
6th 15, 000

Y

Y

Y

Y

M
M

1st 1, 100
2nd 1, 800
3rd 2, 800
4th 4, 000
5th 6, 000
6th 8, 000
7th 27, 000
8th 36, 000

M

M

M

M
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52 0 42 134 72 200 349 0

48 2 29 119 78 195 325 0

5A

150 kJ/mol

0 kJ/mol

370, 520, 400, 500 420

s2p4
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Na3PO4

Al(OH)3

Cl2O7

Fe2S3

TeO2

CuSO4

Ca3(PO4)2

HNO3
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180◦

120◦
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109.5◦

120◦

90◦
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90◦
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H2O NH3 CH4

109.5◦
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2 2

3

1

3

2
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3

3

4

1

4

2
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4

3

4

4

5

1
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5

2

5

3
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5

4

5

5
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6

1

6

2
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6

3

6

4
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6

5

6

6
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4

Cl2 O2 H2 S8 P4
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AsH3

BCl3
IF3

SiBr4

SeH4

XeI4

OF2

KrF2

ICl5
CCl2F2
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1.01 Dalton
16.00 Daltons H2O

1.01 + 1.01 + 16.00 =
18.02 Daltons.

6.02 × 1023

6.02 × 1023 18.02 grams

Ca3(PO4)2

http://www.ck12.org


3 × 40.1 = 120.3
2 × 31.0 = 62.0
8 × 16.0 = 128.0

310.3

310.3 grams/mole.

PbSO4

Ca(OH)2

AgF
C6H12O6

Ba(C2H3O2)2

ZnCl2
(NH4)2SO4

(NH4)3PO4

6.02 × 1023

6.02× 1023
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= ( )( )

= ( )( ) = =

10.0 grams

40.0 g/mol

=
grams

molar mass
=

10.0 g

40.0 g/mol
= 0.250 moles

4.20 moles Ca(NO3)2

Ca(NO3)2 164.1 g/mol

= ( )( ) = (4.20 mol)(164.1 g/mol) = 689 grams

0.250 moles
52.6 grams

=
grams

moles
=

56.2 g

0.250 mol
= 225 g/mol
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3.01 × 1023 NH3

= (3.01 × 1023 )(
1.00 mol

6.02 × 1023 molecules
)(

17.0 g

1.00 mol
) = 8.50 grams

5.00 grams
2.50 moles NH3

100. g Ca(NO3)2

0.468 moles C6H12O6

1.00 × 1024

0.336 moles
4.00 grams CH4

4.00 moles CH4

1.00 g Al(C2H3O2)2

5.748 grams
8.862 grams

14.61 grams
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=
5.748 g

14.61 g
× 100 = 39.34

=
8.862 g

14.61 g
× 100 = 60.66

100

99.9 100.1

(NH4)3PO4

3 N atoms = 3 × 14.01 = 42.03

12 H atoms = 12 × 1.01 = 12.12

1 P atom = 1 × 30.97 = 30.97

4 O atoms = 4 × 16.00 = 64.00

(NH4)3PO4 = 149.12

N =
42.03

149.12
× 100 = 28.19 P =

30.97

149.12
× 100 = 20.77

H =
12.12

149.12
× 100 = 8.13 O =

64.00

149.12
× 100 = 42.92

100.01 0.01

Na2SO4

AlCl3
Ca(C2H3O2)2

C6H12O6
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CO2

C6H6

0.0134 grams
0.00769 grams 0.0115 grams

moles Fe =
0.0134 g

55.8 g/mol
= 0.000240 mol

moles S =
0.00769 g

32.1 g/mol
= 0.000240 mol

moles O =
0.0115 g

16.0 g/mol
= 0.000719 mol

Fe0.000230S0.000240O0.000719

moles Fe =
0.000240

0.000240
= 1.00

moles S =
0.000240

0.000240
= 1.00

moles O =
0.000719

0.000240
= 3.00
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FeSO3

48.78 2.439
26.02 22.77

100. grams

grams C = 48.78 g, grams H = 2.439 ggrams O = 26.02 g, grams N = 22.77 g

moles C =
48.78 g

12.01 g/mol
= 4.062 mols

moles H =
2.439 g

1.01 g/mol
= 2.415 mols

moles O =
26.02 g

16.00 g/mol
= 1.626 mols

moles N =
22.77 g

14.01 g/mol
= 1.625 mols

moles C =
4.062

1.625
= 2.50

moles H =
2.415

1.625
= 1.49

moles O =
1.626

1.625
= 1.00

moles N =
1.625

1.625
= 1.00

moles C = 5,moles H = 3,moles O = 2,moles N = 2
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C5H3O2N2

75.0 25.0
32.8 67.2

67.1
0.62069 g 0.10345 g

0.27586 g
48.65 8.11

43.24

C6H6

C2H4 C3H6 C4H8 C5H10

CH2 CH2 56 g/mol
CH2

CH2 14 g/mol
14 g/mol 56 g/mol

CH2×4 = C4H8

HCO2

90. g/mol

HCO2 45 g/mol 45 g/mol 90. g/mol

2 × CHO2 = H2C2O4

C2OH4 88 g/mol
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C4H4O 136 g/mol

CFBrO 254.7 g/mol

7.692 93.308 104 g/mol

47.0 14.5 38.5
166.2 g/mol
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(1, 0)15 CuCl + (1, 0)15 H2S → (1, 0)15 Cu2S + (1, 0)15 HCl

(1, 0)15 Na + (1, 0)15 H2O → (1, 0)15 NaOH + (1, 0)15 H2

(1, 0)15 Mg + (1, 0)15 O2 → (1, 0)15 MgO

(1, 0)15 Fe + (1, 0)15 O2 → (1, 0)15 Fe2O3

(1, 0)15 H2O + (1, 0)15 N2O3 → (1, 0)15 HNO2

Fe + H2O → Fe3O4 + H2

(1, 0)15 Al + (1, 0)15 Pb(NO3)2 → (1, 0)15 Al(NO3)3 + (1, 0)15 Pb

(1, 0)15 KOH + (1, 0)15 H3PO4 → (1, 0)15 K3PO4 + (1, 0)15 H2O

(1, 0)15 C2H6 + (1, 0)15 O2 → (1, 0)15 CO2 + (1, 0)15 H2O

http://www.ck12.org


(1, 0)15 C2H5OH + (1, 0)15 O2 → (1, 0)15 CO2 + (1, 0)15 H2O

(1, 0)15 N2 + (1, 0)15 H2 → (1, 0)15 NH3

(1, 0)15 Al(OH)3 + (1, 0)15 H2SO4 → (1, 0)15 Al2(SO4)3 + (1, 0)15 H2O

(1, 0)15 SbCl3 + (1, 0)15 H2S → (1, 0)15 Al2S3 + (1, 0)15 HCl

(1, 0)15 C5H12 + (1, 0)15 O2 → (1, 0)15 CO2 + (1, 0)15 H2O

(1, 0)15 NH4Cl + (1, 0)15 Ca(OH)2 → (1, 0)15 CaCl2 + (1, 0)15 NH3 + (1, 0)15 H2O

NaClO3

HNO3

H2SO4

A + B → AB
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2H2(g) + O2(g) → 2H2O(g)

C(s) + O2(g) → CO2(g)

CaO(s) + H2O(L) → Ca(OH)2(s)

AB → A + B

C12H22O11(s) → 12C(s) + 11H2O(g)

Pb(OH)2(s) → PbO(s) + H2O(g)

2Ag2O(s) → 4Ag(s) + O2(g)

A + BC → B + AC( )

A + BC → C + BA( )

→
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Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g)

2Al(s) + 3CuCl2(aq) → 2AlCl2(aq) + 3Cu(s)

Cl2(g) + KBr(aq) → KCl(aq) + Br2(L)

AB + CD → CB + AD

→

AgNO3(aq) + NaCl(aq) → AgCl(s) + NaNO3(aq)

ZnBr2(aq) + 2AgNO3(aq) → Zn(NO3)2(aq) + 2AgBr(s)

H2SO4(aq) + 2NaOH(aq) → Na2SO4(aq) + 2H2O(L)

→

CH4(g) + 2O2(g) → 2H2O(g) + CO2(g)

2C2H6(g) + 7O2(g) → 6H2O(g) + 4CO2(g)

C3H8(g) + 5O2(g) → 4H2O(g) + 3CO2(g)

3 NaBr + H3PO4 → Na3PO4 + 3 HBr
3 Ca(OH)2+Al2(SO4)3 → 3 CaSO4+2 Al(OH)3
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3 Mg + Fe2O3 → 2 Fe + 3 MgO
C2H4 + 3O2 → 2 CO2 + 2 H2O
2 PbSO4 → 2 PbSO3 + O2

2 NH3 + 3 I2 → N2I6 + 3 H2

H2O + SO3 → H2SO4

2NH3 + H2SO4 → (NH4)2SO4

4C5H9O + 27O2 → 20CO2 + 18H2O
Li3N+3 NH4NO3 → 3 LiNO3+(NH4)3N

http://www.ck12.org
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58.6 grams

0.113 moles

0.158 moles

0.263 moles

0.300 moles

10.0 moles KClO3
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2KClO3 → 2KCl + 3O2

10.0 moles

6.67 moles

15.0 moles

4.00 moles

0.600 moles

(1, 0)15 Al(OH)3 + (1, 0)15 H2SO4 → (1, 0)15Al2(SO4)3 + (1, 0)15 H2O

1.80 moles

0.200 moles

20.0 moles

0.600 moles

2KClO3 → 2 KCl + 3 O2 O2

100. grams KClO3

0.326 moles

0.544 moles

0.816 moles

1.22 moles

180. grams

(1, 0)15 H2 + (1, 0)15 O2 → (1, 0)15 H2O

2.02 g
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20.2 g

10.1 g

90.0 g

180. g

(1, 0)15 CaO + (1, 0)15 C → (1, 0)15 Ca + (1, 0)15 CO2

6.70 g

3.34 g

12.4 g

7.19 g

150. grams

160. g

222 g

286 g

480. g

C8H18

272 grams

136 g

121 g

100. g

94.6 g

88.2 g

25.0 grams
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16.4 g

19.4 g

21.8 g

27.1 g

2000. g

1240 g

1680 g

2220 g

2860 g

2.5 moles 5.5 moles

(1, 0)15 Cu + (1, 0)15 AgNO3 → (1, 0)15 Cu(NO3)2 + (1, 0)15 Ag

4.44 g 7.77 g
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(1, 0)15 CaO + (1, 0)15 H2O → (1, 0)15 Ca(OH)2

12.2 g

7.77 g

5.86 g

4.11 g

HNO3

18.00 grams

0.695 g

0.572 g

0.540 g

0.492 g

6.30 g
S 10.0 g O2

16.3 g

15.7 g

13.2 g

11.9 g

3 NO2 + H2O → NO + 2 HNO3

0.200 gram NO2

HNO3

0.183 g
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0.250 g

0.350 g

0.146 g

0.0415 g

0.0388 g

0.0264 g

0.0239 g

2 Al + 6 HBr → 2 AlBr3 + 3 H2 87.0 g Al
401 g HBr H2

3.89 g

5.01 g

7.11 g

12.4 g

CH3OH

2 H2 + CO → CH3OH

CO 2.00 mols CO
0.780 mols CH3OH
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3 Si + 2 N2 → Si3N4

Si3N4 21.45 mols
N2

5.92 mols Si3N4

SO2

H2SO4

2 SO2 + O2 + 2 H2O → 2 H2SO4

H2SO4 100. g SO2

100. g H2SO4

4 FeS2 + 11 O2 → 2 Fe2O3 + 8 SO2

20.0 moles FeS2 60.0 moles O2

SO2

SO2 25.0 moles
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UF6

22.4 L.

100. K
1.00 atm

3.00 atm

27 K

100. K

300. K
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100. mL 323 K

100. mL

116 mL

232 mL

169 mL

10.0 liters 3800. mm 27.0◦C
−23.0◦C 380. mm

8.33 L

83.3 L

833 L

50.0 L

1.00 g H2 1.00 g
900. T orr H2

100. T orr

300. T orr

450. T orr

600. T orr

800. T orr

10.0 atm 0.250 mole
1400. mL

409 K

682 K

955 K

0 K

1.0 atm
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1.0 atm

2.0 atm

4.0 atm

8.0 atm

16 atm

1.0 liter 5.00 atm
27.0◦C

0.13 moles

0.20 moles

0.29 moles

0.38 moles

0.500 g 0.250 liters 1.00 atm
100.◦C

32.0 g/mol

44.0 g/mol

61.3 g/mol

77.2 g/mol

104 g/mol

10.0 liters 27.0◦C 0.15 atm 10.0 grams

40. g/mol

80. g/mol

100. g/mol

120 g/mol

164 g/mol

100. L Br2

22.4 g

357 g

560. g
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714 g
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4.18 Joules
1.00◦C
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1.00 gram
1.00◦C

C 4.18 J/g ·◦ C
1.00 gram 4.18 J

1.00◦C

0.900 J/g ·◦ C
0.386 J/g ·◦ C
0.126 J/g ·◦ C
0.235 J/g ·◦ C

C2H5OH 2.40 J/g ·◦ C
C4H10 2.34 J/g ·◦ C

H2O 4.18 J/g ·◦ C

∆Hfusion ∆Hvap

0.900 J/g ·◦ C 400. J/g 10, 900 J/g
0.386 J/g ·◦ C 205 J/g 5, 069 J/g
0.126 J/g ·◦ C 64.5 J/g 1, 578 J/g
0.235 J/g ·◦ C 111 J/g 2, 320 J/g
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∆Hfusion ∆Hvap

C2H5OH 2.40 J/g ·◦ C 109 J/g 841 J/g
C4H10 2.34 J/g ·◦ C 80.1 J/g 385 J/g

H2O 4.18 J/g ·◦ C 334 J/g 2, 260 J/g

Q = mC∆t Q
m C ∆t

52.5 g 67.5◦C 23.2◦C

Q = mC∆t = (52.5 g)(4.18 J/g ·◦ C)(44.3◦C) = 9720 J

4490 J 50.0 g 25.0◦C

Q = mC∆t ∆t = Q
mC

∆t =
Q

mC
=

4490 J

(50.0 g)(0.235 J/g ·◦ C)
= 382◦C

∆t = 25◦C + 382◦C = 407◦C

Q = m∆Hfusion Q = m∆Hvap Q
m ∆Hfusion

∆Hvap

17.7 grams

Q = m∆Hfusion = (17.7 g)(400. J/g) = 7080 J

−20◦C
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25.0◦C
2000.◦C 1540.◦C

0.450 J/g ·◦C 0.770 J/g ·◦C
280. J/g.

25.0◦C 1540.◦C (∆t = 1515◦C

Q = mC∆t = (100. g)(0.450 J/g ·◦ C)(1515◦C) = 68, 200 J

Q = m∆Hfusion = (100. g)(280. J/g) = 28, 000 J

1540.◦C
(2000.◦C) ∆t = 460.◦C

Q = mC∆t = (100. g)(0.770 J/g ·◦ C)(460◦C) = 35, 400 J

QTOTAL = 68, 200 J + 28, 000 J + 35, 400 J = 131, 600 J = 131.6 kJ = 132 kJ

40.00 g −50.0◦C
180.0◦C.

Cice = 2.09 J/g ·◦ C
Cwater = 4.18 J/g ·◦ C
Cwater vapor = 2.01 J/g ·◦ C

0◦C
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100.◦C
∆Hfusion = 334 J/g
∆Hvap = 2260 J/g

−50.0◦C 0◦C.

Q = mC∆t = (40.00 g)(2.09 J/g ·◦ C)(50.00◦C) = 4, 180 J

Q = m(∆H)fusion = (40.00 g)(334 J/g) = 13, 360 J

(∆t = 100.◦C).

Q = mC∆t = (40.00 g)(4.18 J/g ·◦ C)(100.◦C) = 16, 720 J

Q = m∆Hvap = (40.00 g)(2260 J/g) = 90, 400 J

(∆t = 100.◦C).

Q = mC∆t = (40.00 g)(2.01 J/g ·◦ C)(80.◦C) = 6, 400 J

QTOTAL = 4180 + 13360 + 16720 + 90400 + 6400 = 131, 000 J = 131 kJ
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5000. g
20.◦C 80.◦C

500. g 25.◦C 10, 000. J

44.8 g 80.◦C 62◦C
25.0 g
24.5 g −10.0◦C

42.5◦C
45.0 g 24.0◦C

880.0◦C

CsolidCs = 0.251 J/g ·◦ C
CliquidCs = 0.209 J/g ·◦ C
CgaseousCs = 0.167 J/g ·◦ C

29.0◦C
690.0◦C

∆Hfusion = 16.3 J/g
∆Hvap = 669 J/g
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4.18 Joules

1.00◦C

Q = mC∆t

23.5◦C 44.8◦C

Q = mC∆t = (1000 .g)(4.18 J/g ·◦ C)(21.3◦C) = 89, 000 J = 89 kJ
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500. g
25.0◦C 17.2◦C

Q = mC∆t = mC(t2 − t1) = (500. g)(4.18 J/g ·◦ C)(17.2◦C − 25.0◦C

Q = (500. g)(4.18 J/g ·◦ C)(−7.8◦C) = −16, 300 J = −16.3 kJ

250. g
25.0◦C
91.0◦C

27.3◦C

mwaterCwater∆twater = −mbrassCbrass∆tbrass

∆t
∆t

(250 .g)((4.18 J/g ·◦ C)(27.3◦C − 25.0◦C) = −(100 .g)((x J/g ·◦ C)(27.3◦C − 91.0◦C)

x = 0.377 J/g ·◦ C
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∆H
∆H

∆H

HCl+NaOH → NaCl+H2O

4.00 g
NaOH HCl NaOH

4.00 g NaOH 0.100 mole 0.100 mole H2O 250. g
22.4◦C

28.4◦C

Q = (250 .g)(4.18 J/g ·◦ C)(6.0◦C) = 6, 270J = 6.27 kJ

∆H

∆H ∆H

∆H =
−∆Q

moles product
=

−6.27 kJ

0.100 mol
= −62.7 kJ/mol

20.0◦C 25.0◦C.

25.0◦C 22.0◦C
7.38 g 1000. g

22.0◦C 68.8◦C

10.0 g MgO
800. g

44.6◦C ∆H
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∆H
250. g

800. g
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percent by mass =
mass of solute

mass of solution
× 100

100. grams C2H5OH 100. grams

mass of solute
mass of solution × 100 = 100. g

200. g × 100 = 50.0

10.0 KNO3 1.19 g/mL
KNO3 100. mL

100. mL
10.0

grams of solution = (100. mL)(1.19 g/mL) = 119 grams

grams of KNO3 = (0.10)(119 grams) = 11.9 grams

30.0 grams AgNO3 275 grams

MgF2 100.0 g 20.0 MgF2

30.0 NaOH 1.33 g/mL
NaOH 500. mL

1.00 g/mL
85.0 grams NaOH 750. mL
66.0 grams C3H6O 146.0 grams
0.926 g/mL

35.4 H3PO4 1.20 g/mL
300. mL
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mole fraction =
moles of solute

moles of solution

100. g
C2H5OH 100. g

moles ethanol =
100. g

46.0 g/mol
= 2.17 moles

moles water =
100. g

18.0 g/mol
= 5.56 moles

mole fraction of ethanol =
2.17 mols

7.73 mols
= 0.281

molality =
moles of solute

kilograms of solvent

100. g
C2H5OH 100. g

moles ethanol =
100. g

46.0 g/mol
= 2.17 moles

molality of ethanol =
2.17 mols

0.100 kg
= 21.7 m

35.4 H3PO4 1.20 g/mL
H3PO4

1.00 L
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= (1000. mL)(1.20 g/mL) = 1200. grams

H3PO4 = (0.354)(1200. grams) = 425 grams

H2O = 1200. grams − 425 grams = 775 grams

molesH3PO4 =
425 g

98.0 g/mol
= 4.34 moles

molesH2O =
775 g

18.0 g/mol
= 43.1 moles

H3PO4 =
4.34 mol

47.4 mol
= 0.0916molality =

4.34 mol

0.775 kg
= 5.60 m

MgF2 20.0 g MgF2

80.0 grams

30.0 NaOH 1.33 g/mL
NaOH

4.00 g NaCl 100. g

125 g
0.500 m

BeCl2
C3H6O 146.0 g

0.926 g/mL

molarity =
moles of solute

liters of solution
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60.0 grams NaOH
2.00 liters

moles NaOH =
60.0 g

40.0 g/mol
= 1.50 moles

molarity =
1.50 mol

2.00 L
= 0.750 M

0.750 M NaOH 10.0 gram NaOH

molesNaOH =
10.0 g

40.0 g/mol
= 0.250 moles

volume7 =
mol

M
=

0.250 mol

0.750 mol/L
= 0.333 L

4.50 g NaNO3 265 mL

NH3 5.0 L 0.100 M
0.200 M NaOH 6.00 grams

NaOH
0.500 M CaF2 78.0 g CaF2

100. mL 0.500M (NH4)3PO4

198 g BaBr2 2.00 liters

C3H8O3 100. mL 2.60 M

10.0 mL 3.00 M CaCO3
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50. mL 0.250 M HCl
100. mL

100. mL
0.0125 moles HCl 0.0125 moles
HCl

moles solute = (molarity)(liters)

molesinitial = molarityinitial × litersinitial

molsi = Mi × Vi

molsf = Mf × Vf

molsi = molsf Mi × Vi = Mf × Vf

6.00 M NaOH 300. mL
1.20 M NaOH
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(Mi)(Vi) = (Mf )(Vf )

Vi =
(Mf )(Vf )

(Mi)
=

(1.20 M)(0.300 L)

(6.00 M)
= 0.0600 L = 60.0 mL

200. mL 3.00 M NaCl 500. mL

100. mL 1.20 liters 1.00 M

6.00 M NaOH 250. mL 0.600 M NaOH
25.0 mL 16.0 M HNO3 500. mL

10.0 mL 6.00 M H2SO4

1.00 M H2SO4

5.00 mL 12.0 M HCl
100. mL 5.00 mL

100. mL

(NH2)2CO
C6H12O6 1.0 M

1.0 M

= (X )( ) + (X )(
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25◦C 50.0
C3H6O 50.0 grams 25◦C

230. mm 25◦C 23.7 mm

50.0 g 0.86 moles 50.0 g 2.78 moles.

0.236 0.764

V P = (0.764)(23.7 mm ) + (0.236)(230. mm ) = 18.1 mm + 54.3 mm = 72.4 mm

= (X )( ) + (X )( )

(X )( )

= (X )( )

= (X )( )

25o 50.0
25◦C 50.0 grams

25◦C 23.7 mm

50.0 g 2.78 moles 50.0 g 0.278 moles.
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0.909

= (X )( = (0.909)(23.7 mm ) = 21.5 mm

25.0 grams 500. grams 25◦C

25◦C 3.17 kPa.
125 g C6H12O6 125 g
25◦C 25◦C 23.7 Torr

C3H8O3 53.6 g
133.7 g 40.◦C,C2H5OH

113 Torr 40.◦C.
C6H14 60.0◦C 573 Torr

391 Torr
58.9 g 44.0 g

∆Tb = imKb ∆Tb

m Kb

i

Kb

Kb

0.512◦C/m
0.512◦C 1.00
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1.00 molal
1.00 molal

1.00 molal
2.00 m i

100 i
i

i
i

∆Tf = imKf ∆Tf

m Kf

Kf

Kf

1.86◦C/m
1.86◦C 1.00

5.00 m
Kb 0.512◦C/m.

∆Tb = imKb = (1)(5.00m)(0.512◦C/m) = 2.56◦C

100.00◦C 100.00◦C+
2.56◦C = 102.56◦C

5.00 m NaCl
100 Kf 1.86◦C/m.

∆Tf = imKf = (2)(5.00 m)(1.86◦C/m) = 18.6◦C NaCl
i = 2.

0.00◦C 0.00◦C −
18.6◦C = −18.6◦C

45.0 g NaCl 500. g
Kf 1.86◦C/m

45.0 g NaCl 500. g
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Kb 0.512◦C/m
105 g C12H22O11

500. g 35.0 g NaCl 500. g
25.0 g 130. g

102.5◦C
C2H6O2 4, 000. grams

−40.◦C
4.90◦C/m

5.50◦C 9.30 g C12H25OH
250. g

100 200. g AlF3
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(∆H)

∆H
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∆H

∆H

A − B B − C
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P(s) + 2 O2(g) ! PO4(g) ∆H = −794 kJ/mol
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PO4

http://www.ck12.org


PO4
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PO4
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AB(aq) ! A+
(aq) + B−

(aq) Ke = 2 × 10−2

CD(aq) ! C+
(aq) + D−

(aq) Ke = 3 × 10−2

EF(aq) ! E+
(aq) + F−

(aq) Ke = 3 × 10−3

GH(aq) ! G+
(aq) + H−

(aq) Ke = 6 × 10−3

S(s) + O2(g) ! SO2(g)

5.00
60.0 M 3.00 M O2 SO2

15.0 M

5.55 M

2.50 M

1.25 M

N2(g) + O2(g) ! 2NO2(g) 1.0 × 10−6

NO2 N2 O2

2.0 M

0.0020 M
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2.0 × 10−6 M

4.0 × 10−6 M

0.020 M

H2(g) + CO2(g) ! H2O(g) + CO(g)

CO 0.80 M

1.7

2.0

4.0

16

Ke = 4.00 H2(g) + CO2(g) ! H2O(g) + CO(g)

H2

0.33 M

0.67 M

1.3 M

1.0 M
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(∆H > 0) K K
(∆H < 0) K K

5 CO(g) + I2O5(s) " I2(g) + 5 CO2(g) ∆H◦ = −1175 kJ

CO2(g)
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CO2(g)

I)2(g)

CO2(g)

I2O5

CO2(g) I2O5

CO2(g) K
K

I2(g)

I2(g)
CO2(g)

I2(g)
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I2(g)

I2(g) K
K

CO(g)

K K

CO(g)
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K K

4 NO(g) + 6 H2O(g) " 4 NH3(g) + 5 O2(g) ∆H = +1532 kJ

NO(g)

NO(g)

NH3(g)

NO(g)
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K K

SrCrO4 25◦C 6.00 ×
10−3 moles Ksp

SrCrO4

PbCl2 1.6 × 10−2 mol/L Ksp PbCl2
AgC2H3O2 11.11 g/L 25◦C Ksp

Ag2Cr2O7 0.083 g/L 25◦C Ksp

AgI Ksp = 8.3 × 10−17

Ca(OH)2 Ksp = 6.0 × 10−6

Ksp 1.7×10−5 140.0 mL
0.0100 M Pb3(PO4)2 550.0 mL 0.0550 M NaCl

1.0 × 10−4 M Pb2+ 2.0 × 10−3 M Sr2+

SO2−
4 PbSO4, (Ksp = 1.8 × 10−8)

SrSO4, (Ksp = 3.4× 10−7) SO−−
4
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1.00 x 10−4

NaOH

HNO3

H2SO4

H2SO4

HCl
Ba(OH)2

NaOH HCl
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[H+] [OH−]

1.00 x 10−4 M H2SO4 1.00 x 10−3 M Ba(OH)2

[H+] [OH−]

HCl NaOH
[H+] [OH−]

[H+] [OH−]
HNO3 Ba(OH)2

NaOH

[H+] = 7.0 x 10−5

NaOH

7.0 x 10−5 M Mg(OH)2

[H+]
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[OH−]

KOH

1.0 x 10−12 M HBr

[H+] [OH−]

6.2 x 10−4

8.5 x 10−10

4.0 x 10−2

Ka 6.4 x 10−4 Ka 1.7 x 10−5

HX Ka HX 8.1 x 10−7

HQ Ka

NH4OH Kb NH4OH 1.80 x 10−5

http://www.ck12.org


CH3NH2(aq) + H2O " CH3NH+
3(aq) + OH−

(aq)

Kb

NH4NO2 1.8 x 10−5

Kb NH4OH 7.1 x 10−4 Ka HNO2
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CH4

∆H
∆H

CH4(g) + 2 O2(g) → CO2(g) + 2 H2O(L) ∆H = − 890.4 kJ

CH4

CH4

CO2 H2O O2
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∆Ho
f So (J/K · mol)

C4H10(g)

CaC2(s)

Ca(OH)2(s)

C2H2(g)

CO2(g)

H2(g)

H2O(g)

H2O(L)

NH3(g)

NO(g)

NO2(g)

N2O(g)

O2(g)

O3(g)

3 H2(g) + O3(g) → 3 H2O(g)

2 NO(g) + O2(g) → 2 NO2(g)

N2O(g) + NO2(g) → 3 NO(g)

CaC2(s) + 2 H2O(L) → Ca(OH)2(s) + C2H2(g)

C4H10
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∆H ∆H

N2H4(L) + H2(g) → 2 NH3(g)

∆H

N2H4(L) + CH4O(L) → CH2O(g) + N2(g) + 3 H2(g)∆H = − 37 kJ
N2(g) + 3 H2(g) → 2 NH3(g) ∆H = − 46 kJ
CH4O(L) → CH2O(g) + H2(g) ∆H = − 65 kJ

∆H

N2H4(L) + CH4O(L) → CH2O(g) + N2(g) + 3 H2(g)∆H = − 37 kJ
N2(g) + 3 H2(g) → 2 NH3(g) ∆H = − 46 kJ
CH2O(g) + H2(g) → CH4O(L) ∆H = + 65 kJ

N2H4(L) + H2(g) → 2 NH3(g) ∆H = − 18 kJ

∆H ∆H

H2SO4(L) → SO3(g) + H2O(g)

∆H

H2S(g) + 2 O2(g) → H2SO4(L) ∆H = − 235 kJ
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∆H

H2S(g) + 2 O2(g) → SO3(g) + H2O(L) ∆H = − 207 kJ
H2O(L) → H2O(g) ∆H = + 44 kJ

∆H ∆H

4 NH3(g) + 5 O2(g) → 4 NO(g) + 6 H2O(g)

∆H

N2(g) + O2(g) → 2 NO(g) ∆H = − 180.5 kJ
N2(g) + 3 H2(g) → 2 NH3(g) ∆H = − 91.8 kJ
2 H2(g) + O2(g) → 2 H2O(g) ∆H = − 483.6 kJ

∆H ∆H

PCl5(g) → PCl3(g) + Cl2(g)

∆H

P4(s) + 6 Cl2(g) → 4 PCl3(g) ∆H = − 2439 kJ
4 PCl5(g) → P4(s) + 10 Cl2(g) ∆H = + 3438 kJ

∆H ∆H

3 H2(g) + 2 C(s) + 1
2 O2(g) → C2H5OH(L)

∆H

C2H5OH(L) + 3 O2(g) → 2 CO2(g) + 3 H2O(L) ∆H = − 875.0 kJ
C(s) + O2(g) → CO2(g) ∆H = − 394.5 kJ
H2(g) + 1

2 O2(g) → H2O(L) ∆H = − 285.8 kJ
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∆H ∆H

2 CO2(g) + H2O(g) → C2H2(g) + 5
2 O2(g)

∆H

C2H2(g) + 2 H2(g) → C2H6(g) ∆H = − 94.5 kJ
H2O(g) → H2(g) + 1

2 O2(g) ∆H = + 71.2 kJ
C2H6(g) + 7

2 O2(g) → 2 CO2(g) + 3 H2O(g) ∆H = − 283.0 kJ

∆H ∆H

1
2 H2(g) + 1

2 Cl2(g) → HCl(g)

∆H

COCl2(g) + H2O(L) → CH2Cl2(L) + O2(g) ∆H = + 48 kJ
2 HCl(g) + 1

2 O2(g) → H2O(L) + Cl2(g) ∆H = + 105 kJ
CH2Cl2(L) + H2(g) + 3

2 O2(g) → COCl2(g) + 2 H2O(L)∆H = − 403 kJ

∆Ho
f So (J/K · mol)

C4H10(g)
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∆Ho
f So (J/K · mol)

CaC2(s)

Ca(OH)2(s)

C2H2(g)

CO2(g)

H2(g)

H2O(g)

H2O(L)

NH3(g)

NO(g)

NO2(g)

N2O(g)

O2(g)

O3(g)

3 H2(g) + O3(g) → 3 H2O(g)

2 NO(g) + O2(g) → 2 NO2(g)

∆So

N2O(g) + NO2(g) → 3 NO(g)

CaC2(s) + 2 H2O(L) → Ca(OH)2(s) + C2H2(g)

C4H10(g) + 13
2 O2(g) → 4 CO2(g) + 5 H2O(g)
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∆HR

2 HgO(s) → 2 Hg(L) + O2(g) ∆HR = + 181.7 kJ

∆Hf HgO
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NH3(g)

CO2(g)

H2O(L)

NO(g)

T∆S
∆G
∆H
∆S

4 NH3(g) + 5 CO2(g) → 6H2O(L) + 4 NO(g)

∆HR
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∆GR

∆SR

−575.9 J/o

+575.9 J/o

−1419.1 J/o

+1419.1 J/o

∆HR ∆SR

∆GR

∆S 2 NO(g) + O2(g) → 2 NO2(g)

∆GR 2 H2O(g) + 2 F2(g) → O2(g) + 4HF(g)
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4 Al(s) + 3 O2(g) → 2 Al2O3(s)

4 Al(s) + 3 O2(g) → 2 Al2O3(s)

∆Ho
f ∆Go

f So (J/mol · K)

Al(s)
Al2O3(s)

CO(g)

CO2(g)

F2(g)

HF(g)

H2O(L)

H2O(g)
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∆Ho
f ∆Go

f So (J/mol · K)

NH3(g)

NO(g)

NO2(g)

O2(g)
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H O
H O

H2O H+ O H2O
H H+

OH− H2O OH−

O H2O H

MnO−
4 + C2O

2−
4 → Mn2+ + CO2

Mn+7 Mn+2 C+3 C+4

MnO−
4 → Mn2+

C2O
2−
4 → CO2

MnO−
4 → Mn2+ C2O

2−
4 → 2 CO2

MnO−
4 + 5 e− → Mn2+

C2O
2−
4 → 2 CO2 + 2 e−

H O

MnO−
4 + 5 e− + 8 H+ → Mn2+ + 4 H2O

C2O
2−
4 → 2 CO2 + 2 e−
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2 MnO−
4 + 10 e− + 16 H+ → 2 Mn2+ + 8 H2O

5 C2O
2−
4 → 10 CO2 + 10 e−

2 MnO−
4 + 16 H+ + 5 C2O

2−
4 → 2 Mn2+ + 8 H2O + 10 CO2

MnO−
4 + Br− → MnO2 + BrO−

3

Mn+7 Mn+4 Br− Br+5

MnO−
4 → MnO2

Br− → BrO−
3

MnO−
4 + 3 e− → MnO2 Br− → BrO−

3 + 6 e−

H O

MnO−
4 + 3 e− + 2 H2O → MnO2 + 4 OH−

Br− + 6 OH− → BrO−
3 + 6 e− + 3 H2O

2 MnO−
4 + 6 e− + 4 H2O → 2 MnO2 + 8 OH−

Br− + 6 OH− → BrO−
3 + 6 e− + 3 H2O

H2O OH−)

2 MnO−
4 + Br− + H2O → 2 MnO2 + 2 OH− + BrO−

3

Br2 + SO2 → Br− + HSO−
4

PbO2 + Mn2+ → Pb2+ + MnO−
4
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MnO−
4 + SO2−

3 → MnO2 + SO−
4

Zn + NO−
3 → NH3 + Zn(OH)2−

4

H2O2 + Cl2O7 → ClO−
2 + O2

Pb
Zn
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Pb
Zn

Pb
Zn

Pb Zn
Zn Pb

Pb
Zn

Pb
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Zn

Al
Zn

Al
Zn

http://www.ck12.org


Al Zn
Zn Al

Al
Zn

Al
Zn
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Zn2+

Al3+

Al Zn Pb

Al
Zn
Pb

Zn2+
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Al3+

Zn2+

http://www.ck12.org


http://www.ck12.org


http://www.ck12.org


l →

o →

i →

m → 3

r → a
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238U + 4He → 241Pu + ?

241Pu → 241Am + ?

10B → 6Li + ?
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